vt AD 62493 0 .

Prig

_ Cedie [ ——
pPE -8 i ;
FORTL v N
TR l
It ! ——i
SEESASANE
Method For

Estimating The Catapult Performance Of
A Carrier-Based Airplane

17 May 1963

Prepared under Navy, Bureau of Naval Weapons
Contract NOw 62-0197-t
Task Order No. 62-1

Final Report
Report No. 2~53470/3R459

DD

R

DDCIRA E

LTV AMIROBPACIE CORPORATION

DISTRIBUTION OF THIS DOCUMENT iS UNLIMITED

n
DEC 21 1965 ;}n
510t




ESTTMATING THE CATAPULT PERFORMANCE OF
A CARRIER-BASED ATRPLANE

METHOD FOR

w

17 May 1963

Prepared under Navy, Bureau ¢f Haval Weapcns
Contract NOw 62-0197-%¢
Task Order No., 52-1

SRR s

Report Ko. 2-53%70/3R459

LTV VOUGHT AERONAUTICS DIVISICH
LTY AEROSPACE CORPORATION
DALLAS, TEXAS

Prepared by Approved by

i bt iy

L

- 4// W/ AV Y/ VA il

N A N R\ RS

. W K}x’ts "BuperWisor J. H. Best
Applied’loads & Mechenics " Chief of Structures
; ,
E Ve 7 @Q/
L 7
Cr D, A g/ /f/ N
€. B. Lucds G.YA. Starr ~
Applied Mechanics Erngineer Chief of Applied R & D

DISTRITUZLON OF THIS DOCUMENT 1S UNLIMITED




e I e

Ho-eawy

Vae scradd Brtnciieny S

[ SN

Report 3io. 2-53k70/3RbSS

Lfare Ko, 1

FGREWQRD

This study was sponsored by the Aerodynanics end Hydrodyrarmics
Branch of the Airframe Design Division, Bureau of Haval Weapons, Dersrtzent
o the Navy under Contract HOw 6§;Ol97-t, Task Order MNo. 62-1. Conteined
in this report is a method for estimating the catapult performarce of a

cerrier-based airplans. The technical monitor has teen lMr. R. E. Jagpiis.
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ABSTRACT

A simplified mathod for predicting the catapult performance of
a carrier-based airplene has been develored under Contract No. NOw 62-0197-t,
Tesk Order Ho. 62-1; Zor the Bureau of Naval Vezpons. The méthod consists
of two parts; (a) the dstermination of airplane position at the end of the
catapult powes stroke and (b) the determination of the motion of the
airplans subsequent to leaving ths catapult. The method is oriented
toward use of a swall digitel computer; however, the calcwiations could be

performsd with only the use of a desk calculator.
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INTRCDUCTIONH

The necessity for & ca.iicr besaa ai:;l:bﬁ'ts =z launched from the
carrisr deck difines a major requirement for the airplere. Thiz is a vexry
corplex requirement vhich affects the entire airplane design. The assessment
of the cspability of a pariicular airplene design to perform this maneuver
in an escuptabls manner is not a simple task, Although there are numerous
effects with which the sirplane catapulting cepebility can he measured, one
of the major aspecte of a lasunch that constitutez a useful basis for messurement
is the tendency of the airplane to sink over the bow of the caxrrier after
leaving the carrier deck. A short, easy-to-use method for determining the amount
of sink ovar the bow would be of great asasistance in assessing ithe catapulting
capability of a new airplane design. Consequently, e research and development
progran was instituted under reference (a) for the purpoze ¢f developing &

simplified method of assessing catapult performance, as outlined in reference (b ).

This progrem has resulted in the development of e set of simplified
equations of motion that cean be used to determine the motion of the sirplene
subasequent to thz end of the catspult power stroke, and of an iteration
procedure for determining the airplene displacement and rate conditions at the
end of the catepult power~stroke, which become the initiel conditions for the
equations of motion. A procedure for determining the catepult force is presented
as & paxrt of the iteration procedure.

The equations of wotion were originally written in the grond reference
aystem, but this was subsequently changed to the wind axis system, since most

of the solution tims occurs after the airplane leaves the deck. Provisions
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are made, however, for maintaining the location of the aircraft in the ground
refarence system. _

In thads simplified mathematical model the rigid landing gears are represented
by non-linear tire springs and shock strut air springas. The unsprung maases
of the gears are considered to be massleas and hence do not appear in the
equations. Since the hydraulic metering characteristics of the shock struts
way not always be available for this analysis, this damping function has been
eliminated from the model. However, since the extension damping forcesin the
landing geer contribute significantly to the motion of the alrplans between
the end of the catapuit stroke and deck edge, the affect of the extension
demping 18 included by the use of an "attenuation factor"”. Thix factor is an
empirically determined number that eccounts for the reduction of static gear
logd during the gear extension eycle.

Although the method presented herein is considerebly less complex than
the more sophisticated procedures frequently used with airxcraft whoss
cimra.cteristics are completely defined, this method should provide a gcod

sstimate of the carrier catapult performance characteristics of the aircraft.




SYMBOL

.-n-.q‘

& .

[,

PR

- a——cy

FORTRAN
NAME

Al0

All

ALFA

ALFADT

ALFALT

ALFAMT

ALIFT

AM

AMEDGE

AMOM

ANEDGE
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DEFINITION OF SYMBOLS

DEFINITION

Distance from mein gear

to c.g. in ground X
direction

Distance from noée gear

to c.g. in ground X
direction

Angle of attack

Angle of attack
table associated with
drag coefficients

Angle of attack table
associated with 1lift
coefficients

Angle of attack table
associated with aero
moment coefficients

Airplane aerodynamic
lift

Airplane mass

Distance from main
gear at end of
catapult stroke to
deck edge

Airplane aerodynamic
moment about c.g.

Distance from nose
gear at end of
catapult sitiroke to
deck edge

UNITS

ft.

degrees

degrees

degrees

degrees

lbe.

slugs

fflb

ftv. lbs.

ft'

SENSE

+Noge Up




SYMBOL

FORTRAN
NAME

APIYY

BETA

CBAR

CDT

CLT

CMT

DI

D2

D3

D6

D6BAR

DY
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DEFINITION OF SYMBOLS

DEFINITION

Airplane piich moment
of inertia at c.g.

Catapult bridle angle
with '‘ground

Mean geometric chord

Drag coefficient table
asscociated with angle
cf ettack

Lift coefficient table
associated with angle
of attack

Aeroc moment coefficient
tablie associated with
angle of attack

Distance from nose gear
to c.g. in fuselage X
direction

Distance from c.g. to
bridle attach point
in fuselage X direction

Distance from c.g. to
main gear in fuselage
X direction

Distance from c.g. to
nose axle fully extended
in fuselage Z direction

Distance from c.g. to
nose axle in fuselage
Z direction

Pistance from c.g. to
bridde attach point in
fuselage Z direction

SENSE

ft.

none

ncne

none

ft.

ft.

£t.

ft.

ft.
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SYMBOL FORTRAN

NAME

D8

D8BAR

D12

D17

DEDGE

DRLTZ
DELT2
DRAG
FC

¥ GAMA

1§ GAMD@T

KID
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DEFIRITION OF SYMBOLS

{ITICH

DEFI

Distance from c.g. to
main axle fully ex-
tended in fuselage 2
direction

Distance from c.g. to
main axle in fuselege
Z direction

Catapult bridlé length
Distence from c.g. to
aero. ref. point in
fuselage X direction
Distance from cetepult
shurtle a2t end of
stroke to deck edge

Time increment

Time increment before
deck edge

Time increment after
deck edge

Airplane asercdynamic
drag

Catapult force st
stroke end

Flight path angle

Rate of change of
flight path s&ngle

Control number if
KID=0 cat. bridle

attach point ststionary:

if KID » O ceat., bridle

attach point moves wvith

nose gear stroke

UNRITS

o]
ct
L]

secC.

sec.

sec.

lbs.

lbs.

degrees

rad./sec

none

SENS

+Up




SYMBOL

FORTRAH
RBAME

PK

PM, PMA

PMK

PMT

PETT

Pii, PiiA

PRT

PRTT

RHO

RMO

RNO

SIGT
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CEFINITIOR CF SYMEOLS

Aerodynamic pitch damp-
coefficient

Mein gear loed

Main gear load
attenuation constant

Mein geer load tatle
associated with axle
stroxes

Mein geer load table
asscciated with meain
gear

Nose gear loed

Hose gear load
attenustion constant

licse gear load table

essociated with axle

strokes

llose gear load table

assocliated with nose

gear tire deflection

Air density

Main gear undeflected

tire radius

Mein geear undeflected
tire radius

Wing ares

hrust angle

- —

URITS
lb.sec2

1bs.

none

1bs.

none

lbs.

1bs.

slugs

ft.d

in.

in.

ft.2

degrees

SENSE

~Alveys

+Up
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SYMBOL

FORTRAR
HAME

SH
SMI

SMT

SH

SHI

SUMFX
SUMFZ

SUMMY

TARM

TH

THDD@T

THDYT

TIRMT

Report No. 2-53470/3R459

Page No. 11

DEFINITIOI OF SYMBOLS

“ DEFINITIOXN

Main gear axle stroie
Mein gear axle stroke
Main gear axle strokxe
tarle associeted with
mein gear load

Hose geer axle stiroke
llose gear axle stroke
Ncse gear axle siroke
table associated with

main gear load

Summation of forces
in X direction

Summation of forces
in Z direction

Summetion of moments
about ¥ axis

Time

Thrust moment arm
to c.g.

Aircraft pitch angle

Aircreft pitch
acceleration

Aircraft pitch velocity
Main gear tire deflec-

tion table associated
with main gear load

3
v

URITE

ft.
in.

in.

lbs.

1bs.

ft.1lbs.

s€cC.

ft.

degrees

rad/sec

rad/sec

in.

———

SEHRSE

+Conmpressed

+Compressed

+Forwerd

+Up

+lose Up

+Above c.g.

+Nose Up
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DEFINITIOR OF SYMBOLS

SYMBOL FORTRARN DIRECTION UNITS SENSE
NAME
TIRKET Nose gear tire deflec- in.

tion table associated
with nose gear load

THMAX Meximum time to run sec.
problem
TR Airplane thrust 1bs. +Porwerd
UR Coefficient of rolling none
friction
v Airspeed ft./sec. +Forward
*®
\Y/ VDOT Airplane c.g. ft./sec.
acceleration in wing
ares
VX X component of V in ft./sec.

ground axes

vz Z componaant of V in ft./sec.
ground axes

W Airplane weight ibs.

WIND Wind velocity with ft./sec. +Headwind
respect to ground

X Horizontal ground £t. +Forward
position

XB Fuselage station or F.S.
catapult attechment
point

XCG Fuselage station of F.S.

airpliane c.g.

X XDOT Ground speed ft./sec.
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DEFIRITION OF SYMBOLS

‘ SYMBOL FORTRAN DEFINITICH UNITS SFLSE
NAME
i LL Fuselage station of F.S.
aerodynamic reference
.- point
' XM Fuselage station of main F.S.

gear axle

e}

XN Fuselape station of F.S.
nose gear axle

] Z Vertical height of c.g. ft. +Above Deck
above deck

ZB Waterline of catapult w.l.
B bridle attach point

(at nose stroke = O

if applicable)

ZCG Vaterline of airplane w.l.
c.o.
ZM Waterline of main gear w.l

axle at zero strcke

4 ZN Waterline of nose gear w.l.
axle at zero stroke

l. 4An angle name with R added is the angle in radians
2. Fuselage stetions must increas: aft
3. Waterlines must increase up

4, If no symbol is given it is the same as the FORTRAN NAME

- e e e o e———
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SECTION 1

METHOD OF ESTIMATING THE CATAPULT PERFORMANNCE
OF A CARRIER BASED ATRPLANE

Section 1.1 Introductcry Informstion
A simplified method for estimating the catapult performance of an
airplene for a symmetricel launch is presented in this section. The wethod
is presented in such & manner that it msy be accomplished by following the
step by step directions ucing only a desk calculator., The same procedure
is also coded in FORTRAN II for utilizetion of a digitsel computer. The
procedure consists of two distinct parts;
1) determination of ccnditions at the end of the catepult stroke, and
2) determiration of airplane motion subseguent to catapult releese,
Certain assumptions are necessary tc bring this problem into the realm
of swall (8K) digitel computers or possible hand calculation. The basic
assumptions are:
1) Three degrees of freedom are consider=d for airplane motion;
horizontal trenslation, verticel translation, and pitnh.
2) Rigid body motion only is considered for the alrplare,
3) Tue landing gesr arrangement is of the tricycle type.
4) The main and nose gear stroking pexrts are massless,
5) The main and nose gear stroke perpendicularly to the eirplane
reference line,

&) The thrust is constant.
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7) The tail setting is constant.
8) At the end of the catapult stroke the sirplane pitch rate,
pitch acceleration, vertical translatiorpal rate, and vertical

translational acceleration are zero.

Section 1.2 Preliminary Calculations for Machine Computation

Preliminary celculations are necessary to define the horizontel
force in the caterult at the end of the power stroke (Just prior to contact
of the brake). An end speed appropriate to the weight being considered
end consistent with reference (d) is chosen. The incremental end speed due
to airplane thrust and drag is calculated according to reference {c). For

the C-7 catapuli

. Yz
+ 5640 (TA - DA) .]

v&T: [X W+ 4_000 _I _X

where X = deadload endspeed, knots
-EA = average thrust of airplane during power stroke, pounds
DA" averege drag of airplane during power stroke, pounds

VET" endspeed increment, knots

It bas been cobserved for a wide range of conditions that the average drag,
Dy, 18 spproximately 60% of the drag force occuring at the end of tke

power strokae.
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The catapult force at the end of the power stroke can be determined

from

_ l-l/z(p/M) ] v
s |1 M X

where F. = catapult horizontal force at end of power stroke, pounds
P/M = peak to mean ratic for the cetapult
S = catapult power stroke, feet
M = airplane msss, slugs

X = deadload endspeed, feet per second

The gear a&ttenuation constants PNK and PMK must be determined in the

initial phase of calculations, The constantg are defined es

PNK, PMK = 1 - AwerageAﬁivggzinZaggzgg Losd

Since the shock struts will be unloading during the deck run this problem
is oniy concerned with the reverse darping characteristics of the struts.
For the F-8 airplane it was found that attenuation factors from .8 to .9
gave results that agreed with those obtained by more scphisticated methods.
It 18 racommended that in the absence of any date that & value in the range
of .8 to .9 be used. If it 1s known that a mechanical device is present
in the gear to provide edditional orifice area for reverse stroking then

& value between .95 and 1.00 is recommended for the attenuation factors.
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Section 1.3 Preliminary Calculations for Hand Csmputation
If the equations of Section 2 and Section 3 are to be solved by

hand the following constants will be required in addition to those
defined in Section 1.2,

DI7 = (XCG-XL)/I2

DI = (XCG -XN)/I2

D3 = (XM -XCG)/I2

De =(2CG -2NJ/I2

D& =(ZCG -ZM)/| 2

D2 =(XLG - XBY12

If the bridle is attached to a fixed point vn the airplene DY is constant.
D7T=(2CG -ZB)/12.

- If the bridle attachment point moves with nose gear stroke D7 mst be

caleulated each pass through Section 2 and is

D7=(ZCG ~-ZB-SN) /2.
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SECTION 2

DETERMINIATION OF CONDITIONS
AT THE END OF THE CATAPULT STROKE

The procedure for determining the airplane position at the ernd of
the catapult power stroke is wresented in this section. It may be
foilowed in a step by step manner for hend calculation. From assumption

8 in Section 1.1 we may write

2ZF, =0
and
2.M, =0
These two equatlions may be written such that the only unknowns sppearing
are PM and PN, An lteration procedure is used to £ind the PM and PN that

satisfy both of these equations. The iteratio.. procedure is carried: out in

the following manner (The FORTRAN routine does this at the beginning and uses

-the statements down to and including 13)

i. Estimate gear loads
PM = JT5W
PN = PM/5
2. Obtain gear strokes SM and SN from geex lcad-stroke tables.
3. Obtain tire deflections TIRM and TIRN from tire load-stroke tables

and calculate roliing radii
RM = RMO - TIRM

RN = RNO-TIRN

k., Calculste
R= RN-RM
Q=(P8-SM) ~(D6~-SN)
P= DI +D3




50

90

10.

13.

1k,

150

Repoxt No. 2-53470/3RE59
Page lic. 20

From Figure 2, triangle ABC yields the foilowing cquation
PR+ V(PR) + (Q*-R2)(P2+ Q?)

SIn © = —-

P2+ Q2

Solve for O

Celculate c.g height z
Zl = (D6-SN)cos 8 —Dlsin® + RN
Z2 = (DB8-5M)cosO + D3stn® - RM
Z =5 (Zl + Z2)

Celculate instantanecus gear lengths

DBBAR = (Z-D3 51n8 —RM)/[cos©
DGBAR = (Z+D! sTn8—RN)/cos©
Calculate vertical distance from c.g. to bridle attach point
Al = D7 cos® — D2 s1n6
Calculate horizontal distances from c.g. to mein and nose axles

AIO D3cosS — DB8BAR &sn©
At Dl cos® + D6BARSING

il

I

Obtain aerodynamic coefficients CL and CM from aero tables (<= @)
Calculate serodynamic lift and moment
ALTFT =7 pSVZC,
AMOM = %PS\IZ(CBAR)CM-F DIT-ALIF T cos ©
Calculate bridle angle
p=(z-a1)/D12
Calculate vertical component of catapult force
FCZ = FC tan/ﬁ
Calculste cetapult force along bridle
F CLP = FC / co sﬁ
Calculate perpendicular distance from eg i catapult force line of

action

PCBAR = D7 cos (843) —~D2sin(8-+f3)

s 420 St T— - mm——_ . - ra ——" e v
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Celcuiete sum of vertical forces (neglecting geer forces)
E Fz=-WFALIFT+ TR sin(0@+oq) - FCZR
Celculate sum of woments sbout ¥y axis {neglécting verticel gear forces)
> My=AMOM +PCBAR-FCP — Z-UR-(2Pm- P )

~TR - TARMN
Celculete nose geer load

oA = LDy + AIOS>  Fz)

AIO + Al

Caiculste main geer load

DMA = E N\Y—All -z- Fz
2 (A\O + A)

If PMA and PHA both check to within 5% of Pli and PN resrectively contipue

©to pert II. If not calculats
PN =3 (PN+ PNA)
PM = 5 (PM+ PMA)

Go back to statement 2 and continue,

aan

Rorx
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SECTION 3

DETERMIIATION OF ATRFLANE KOTION
SUBSEQUENT T0 CATAPULT RELZASE

With the initiel conditions esteblished by Section 7 the three equaticns

of motion

\./ = ’/A;‘f'\ ZF;
¥= JAM-V 3. Ez
6 = JAPLYY S My

in the wind axis system may bc niericeally integrated 1o give tiwme histories
of the eirplaae velocity end position. This procedure is streight forward
with the excegtion thet the geer loads ere sei tc zero when they pass over
t¥+- deck edge.
The step by step procedure is as fcllows:
1 Calculate horizontel distence from c.g. to bridle attachment point
AZ = DZ cos@ + L7 S/NG
2. Calculete horizontal ilstance from nose gear to deck edge with
girpiane at end of catapult stroke
ANEDGE = DEDGE tA2Z + 212 coSp —All
3. Calculate horizontal distence from mair gear to deck edge with
girziune at end of catapult stroke
AMEDGE = ANEDGE +A470 + A4//

k. Establish initial conditions

+ WIND

T L R O TR TR
000000

tj. Obtain nose tire deflection TIRN from load-stroke table

- ——— - a2 o -
- - — - -
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17.
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Tepme a5
esn Nle S

Celculete rolling redius of nose tire

-,

RN ={RNO —TIRN)/ /i

Celculate nose gear s=role

SN = Db —D6BAR
if Sii >0 go to next sten

If SHZ0O set Pli = 0 go %o step 12

Obteir nose geor load Pl from geer load siroke teble

Calculete roliing radius of rain tire

RM = (RMo —TIRM)/12

Celculate insteriemeous lenguh of rein geer (see tigure 2)
D8 BAR =(Z-D356 — RM)/cos ©
Calculate mein gear siroke
OSM = D& - D8RAR
If sM>0 go to next step
If 30 set PM = O go to step 17
Obtain main gear loed PM from gear loed strcke table
Calculate distances
AIO = D3cos© — D8 BAR sTnS
Al = Dl coa B FTDRBARSTHO
Obtein aerodynamic coefficients CL, CD, and CM from aero tables
Calculate aerodynamic loads
ALLFT =+ pSVEC,
DRAG =% pSV?Cq
AMOM =5 0 SVE(CBAR)Cim+ DIT-ALLFT + cos &
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22, Calculste sum of forces in x direction

E Fx=TRees{x+0) —DRAG - Wsm Y
+DN-DNK-(s'\nY—UQ'cos¥)

+2PM PIK - (sin¥ —UR cos }’)
21. Ca.lculat_e‘ sum of forces in z direction
5_ Fz =ALTFT-Wecos¥+ TR sin (0(-1- O’T)
T 4+ PN-PNK(cos¥ + UR sin¥)
+2PMPMK-( cos ¥ +UR sin¥)
} 22. Ca.lqu,:..-e sum of mouents about y axis
: N\\, ANMOM — TR -TARM + PK- 8-V
+PN-PNK - (Al —UR-Z)
—2PM-PMK - (A0 +UR-Z)

- AN\ ZFX

[ 7 VY

23.

Lo TR )

&=+ oAt += e A=
&=06 + &Nt
2k, Calculate angle of ettack
A = 6 —Y
25. Calculate components of ¥ in ground axes
Vy= V cos¥
V=V sin Y

26 Calculate ground speed
= \/x —WIND
27. Calculate positicn in ground coordinates

! X = X4+ XAt
L = Z + Yz AT




28.
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¥or 3 conditions
A. Both gearson deck go to S
B. Main gear only on deck set PH = 0, go to 1i

C. Bcth gearsoff deck set PN = PM = 0, go to 18

Continue gbove procedure until tmex is reached
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SECTIOMN &

CONCLUDII: REMARIS

The program presented in this report is in pert based upon empirical

ta; therefore, it will be very helpful to future users of the method %c

obtain and incorporate additional date end to improve the eceuracy cf the
expirical quantities,

If an airplane is or hecomes marginsl in terms of sink over the bow,
almost any factor which affects the airplane motion in any way will have
an effect on the amount of sink. Any very smali changes in static margin,
in geer load characteristies, in *hrust available, or other such characteristica,
can cause considerable differences in amount of sink experienced by the
airplane. The proceaure given in this repost should indicate those areas
wbich deserve the most attention with regard to improving the cerrier

auitability of the airplane.
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FORTRANl RCUTTIEZ FOR MNACHIIE COIPUTATIOH

This appendix includes e flow chart of the routirn-~, a source

listing of the routine, a format for

of the output deta.

the input date, ond a Gefiniticn
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ATRPLANE BALANCT AND FLV .0 22 SIMPLITIED CATAPULT REPORT
SURRQUTIME STARLF "1"1¢17 EEREF R U
DIMENSION X1({10jsvil(10)

NN=N

Dn 15 I 19"1

IF(XI{T)=XARG) 18427,2"

CONTINUE

I=NN

IF (I-1) 25425,20

1=2
SLOPE=(YU{I)=-Y1(T=1 1./ 1Ye=r1 (]l
FUN=SLOPE* (XARG=X1(I=-1))~¥2(1=1)
RETURN

END -
SIMPLIFIED CATAPU LT ~rvy
DIMENSION PHT(10) 95T
IPNTTI10) s TIRNTI1I D) 92
2ALFADTIINYV DT L1N) T
RFAD INPUT TAPE 58A
READ INPUT TABSZg, <S5
READ I4“PUT TAPFS,s 39
READ INPUT TAPF5, 45

\v)

-
(. e
[ R—

TS e SNTYIN s PHMTT L) s TIR T L1y
VaCLTULO) s ALFAMT (103 5CHT (10

[P

[ RS I
=~
et o V)

——
-

T eI = i (ST =1 1y
9“*"),1-1 10V s (SKRT{lYsI=1y1n7
PHTTUT ) s0=Ys20) s (TIRMT(I) =11}

REAR INBUT TABE3: 831 (3CE1LH I I5ta 0l TI20T 111 s1zE11R)
READ TNPUT TARE3, 99, (ALF/ST(1101o1,101 0 651011 501 im
READ INPUT TAPES, §9s (ALFL T{1),121410), (CHT(i}s1=1,10

READ INPUT TAPFH,

1 99 ¢XCGrZCO s XN ZMN s My 2y ¥ty 27 s XL yRNOYRIMO,THO, 59y CRAR
1DI2sFCsTR W UR’TAQ”9XJ“T’ PIYYsSIGTsPNK sy P  4yPKsDELTY,
2DELT2 yWINDDEDGF s T A

READ INPUT TAPESR, QIsKT“

FORMAT(5F1544)

FORMAT({1HD $3X y27HMAL TEAY LDAD ATROKE TARLEZ/)
FORMAT(1HO» 3X547HNFS CoTAR LNAD STROKE TARLE//)
FORMAT(1HO 93X s 27H"ATIN TIRFE 10N STROKE TABLE//)
FORMAT(1HO»3X s 27HNOSF TIKS LOAD STROKE TARLE//)
FORMAT (1HO «3X 3y 15HAFRO LIFT TARLE//)
FORMAT(1H0 93X+ 15HAERO DRAG TABLE//)
FORMAT{1HO»3X+s18HAERC MOMENT TABLF//)
FORMAT({1HO s 23X s 12HGENERAL DATS 7 /)

FORMAT (12A6)

FORMAT(1H1)

FORMAT{19HA/C DIN 0T A Anee)

FORMAT(TEL1Se49F1543)

FORMAT (I3)
FORMAT(//QX?1H7al}xesﬂT“rT*,llx’5HGAMMA713X92HPM\13X92HPN9
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114Xy IHX 912X s BHVEL s LIX»&HTIMF/)
FORMAT (5E104+4)

WRITE OUTPUT TAPE 6.89

VWRITE CUTPUT TAPE &»88,TITLE
VRITE GUTPUT TAPE 6,80

WRITE OUTPUT TAPE 63793 PMT »SMT
WRITE CUTPUT TAPE 6181

WRITE OUTPUT TAPE 6379,PNT,,SRT
WRITE CUTPUT TAPE 6,82

WRITE OUTPUY TAPE 645793 PMTT»TIRMT
WRITE OUTPUT TAPE 6,83

WRITE GUTPUT TAPE 2 793PNTT:TIRNT
WRITE OUTPUT TAPRPE &84

WRITE OUTPUT TAPE 6579, ALFALTCLT
WRITE CUTPUT TAPE 6,485

WRITE OUTPUT TAPE 63s793ALFADT»COT
WRITE OUTPUT TAPE 6.:86

WRITE QUTPUT TAPE 63979 s ALFAMT »CMT
WRITE OUTPUT TAPE 6,37

WRITEQUTPUTTAPEA Ty XCGyZTGsXNsZNsXM9ZMy¥B s

12B s XL sRNQ»RMOsRHO » S CRBAR S

1D12,FCyTRYWIURYTARM S XDOTsAPIYY s SIGT 9 PNKyPMKsPK9DELTY
20ELT2 sWIND:DEDGE » TMAX

WRITE QUTPUT TAPE 64397,KID
WRITE OUTPUT TAPE 6489

WRITE OUTPUT TAPE 64388, TITLE
WRITE OUTPUT TAPE 6,98
VaXDOT+WIND

DUMMY =0,

INDEX=1

SIGTR=SIGT/574.3
D17=({XIG~XL)/12.
Di={XC6~XN}/12.

D3={XMN=XCG) /12,

DE={ZCG=ZN) /12,

D8={2CG~ZM)/12,

D2={ACG=XB)/12,

PM=, 75%W

PN=PM/54

=0

CALL STABLE (PMT,SMTy10)PM,SMI)
CALLL STABLE (PNTsSNT»10sPNySNI)
CALL STABLE (PMTTsTIRMTs10sPMyTIRM)
CALL STABLE (PNTT»TIRNTs 10:PNs»TIRN)
RN={RNO-TIRN} /12
RM=(RMO=TIRM) /12,
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Ny o]

10
13

15
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SM=SMT/12,

SM=SM1/12.

IF(KID) 7:7:8
STUFY=00

GO TO 9

STUFY=SNI
D7=(Z2CG-ZB=STUFY)/12.
R=RN-R¥

O=NP-DALSAN=GM

P=p1+D13

SINT=(PRPLSQRTF(PHET N2 R4 (NI N=" 4Ty 5 (PEDEN2N) ) )/ {PHPENHN)

THR=ATANF(SIIT/ISOPTE (L +=SINTHSINTY))
COST=COSF (THR)
Z1={D6=-SN)#¥CIST~D1I#SINT+?N
22=(D8-SM)#COST+D3HSINT+R"

2=(Z1+22)/2.

DB8BAR={Z~-D3#SIMT-R) /COST
DORAR=(Z+D1#STINT-RM) /COST
Al=D7#COST-N2*SINT
Alo=D3#COST-NBRARXSINT
Al1=D1#COST+DARAR+SIHNT

TH=THR#57 43

CALL STABLE (ALFALTSCLT»10sTHsCL)

CALL STABLEZ (ALFAMTsCMTs10sTHCH)
ALTFT=RHO#S*V#V#CL/2, :
AMOM=RHO¥S#V*#VXCBAR®CM/2 o +D17*COSTH*ALIFT
SINB=(Z2-A1)/D12
BETAR=ATANF(SINB/(SQRTF{1.,~STNB#EINB)))
COSB=COSF{RETAR)

TANB=SINB/COSH

FC2=FC#*TANR

FCP=FC/COSR
PCBAR=DT#COSF (THR+RETAR) ~DP2#SINF(THR+BETAR)
GF=W=ALIFT-TR#*¥SINF(THR+SIGTR}+FCZ
GM=AMOM+P CBAR*FCP=Z*¥UR# (2 « #PM+PN)~TR#TARM
PNA=(GF#A10-~GM)/{A10+A11)
PMA=(GF*#AL11+06M) /{2+%¥(A10+A11))

IF(ABSF{ (PN=~PNA)/PN)~=405) 10410913
IF(ADSF( (PM~PMA)/PM)=405) 15415413
PM=({PM+PMA) /2,

PN=(PN+PNA) /2,

[=1+1

IF{1=50) 616359

WRITEQUTPUTTAPEGs 9617y THyDUMMY s PMA» PNA 4 DUMMY 9V 3 DUMHLY

PM=PMA
PN=PNA
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THRI=TH/57,3

CAST=CNSF (THR)

SINT=SINF{TH?)
A2=02%COST+DT*SINT

DELT=DELT]
ANFDGE=DENGE+A24+0D12#C0R -4
AMEDGF=ANERATLAINSAT

Ai=1/29,2

P20=RHO*C/2,

P21=P20nxCaAR

SIGTR=SINAT/37.3

GAMDOT=0.

GAMA=Q.

GA“AR=(0,

ALFAR=THR

Z60T7=0.

COSG=COSF (GA'" AR}

SING=SINF (GA™AR)

THDOT=0.

X=0e

V=XDOT+% "N

T=0,

CALL STABLF(PIUTTsTIONT,, 10,428,717 )
PHM=(RNO-TI?Y)/12.
DERAR=(Z+D1#SIMT=RM) /COST
SN=D6-D63AR

SNI=SN#*12,

IF(SNT) 213521418

CALL STASLE (SNT»P  TyInsSNTs™ )
GO TO 22

PN=0,

CALL STARLAE(PUTTsTIR T, 10488, TI" )
R¥U=(RMO=-TIR”)/12
DBRAR={Z~-N3#SINT-R") /COST
SM=D8-D8RAR

SMI=5M%#12,

IF(SMI) 324932427

CALL STABLE(SMT ;P»T,10,SMI,pP%)
GO TO 31

DELT=DELTZ

PN=0.

PHM=1,

Ai0=D3*COST-NBRAR*SINT
A11=D1%COST+DABAR®SINT

CALL STARLE(ALFALT»CLTy10,ALFA,CL)
CALL STARLFE(ALFADT DT, 10,ALFA,CD)
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LL O STATLT (LT T30 7,13, 8077, 77
A'ICT OpngNVACL
NYIAG=P2YRY Y2
AVOMERRIRVIYECEALISTONT s 0N LT
SU“FY-T’¥(‘C-(PLC‘74SI"T)-““'”— 17
14PURPNY R (S 5="UT 30N 7))
V4D DD (QI neiTRCGST)
SUMFZ=ALIST~ *ffsc+7=«<1v=(tL* Tt IAT)
1+PHEPLE (CD535+U#S 1N
947 ‘puxpulc((mcrL“ ;QI )

SHMUY AR TRAT AT AT LATHRAT
1+OHEPNL (ALT-U"4Z) =257 37 [ 17 77
T= ITD€L|

IF(T=TMAX) 24924459
VDOT=SUYEX/ A"
V=V+YDOTEDELT
GAMDOT=8U"EZ2 /LAY =)
GAMARSAAMASLAR N AAT S L T
SING=CIIHF (GAYAR)
CNSG=COSF (47
GA'A=GAPAR %57 ,3
THNDNT=CI' Y JADTYY
THRSTHR+ TN AT T+T 20T TLT-Y"LT/2,
CNAST=COSF(TH?)
SIHNT=STME(T-"")
TH=THR*57,13
ALFA=STH=°1""7
ALFAR=ALFA/ST7,4,3
THYOT=THAAT+THAINO T #DFLT
vX=V#C0SG
VZ=V#SING
ADNT =YX =" M0
X=V+XDOT#*#27LT
7=7+VZEDSLT
INDEX=TNNEX+1]
IF(INDEX=50) 4549548
INDEX=1
WRITE OUTPUT TAPE 6,89
WRITE OUTPUT TAPE 69838, TITLE
WRITE QUTPUT TAPF 6598
WRITE QUTPUT TAPE 6€9G63 7 s THIOAIIA P Iy F Iy Xy VT
IF(X=ANFDAF) 20520550
IF(X=AMEDGE) 21421530
WRITEFOUTPUTTAPESs 95
COMT T NUF
CALL EXIT

[N

m»x,

Pas—

o v W
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GO
END
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CARD

RN -

~
<!

(P8

= Fw

o\ O\

PUT

PMT

PMT
PMT
PMT
]

PMT

8MT

SMT
SMT

SHMT
SMT

PNT
PRT

]
PRT
PNT
PHNT

1

PNT

SYMBOLS

(1)
(2)

-1 O\\\n
N et S

(10)

(1)
(2)

o~~~
-] O\\n
g Nr? S

(10)

(1)

(2)

- O\
AN

(10)
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FORMAT FOR INPUT DATA

DEFI

IITION CF SYMBOLS

.

Axle
main
Axle
main

11

Axle
main

Main
nain
Main

main

Maean

main

Axle
nose
Axle
nose

stroke (1) zssociated with
1

gear load table
stroke (2) associeted with
gear load table

stroxe (10) associated with
gear loed teable

) associgted witr
roke table
) associated with
rcke tatle

gear lcad (
gear axle s
geer load {

s

i
B
(%
2
gear axle st

pear Joad (10) associated with
Zear axle stroke table

strore (1) asscciated with
gear loed table
stroke (2) associnted with
zear load table

stroke (10) associated with
gear load table

¥
w

lbs.




[ e =y

b e——

S -
[y

CARD SYMBOLS

7 SNT (1)

7 SNT (2)

T SNT (5)
8 SNT (6)

8 SNT (7)

8 8NT (10)
G PHTT (1)
9 PMTT (2)
9 PMTT 53
10 PMTT (6
10 PMTT (7)

1
H

10- PMTT (10)
11 TIRMT (1)
11 TIRMT (2)
11 TIRMT 5;
12 TIRMT (6
12 TIRMT (7)
12 TIRMT (10)
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FORMAT FOR INPUT DATA

DEFIMNITION OF SYMBOLS

licse
nose
HNose

nose
i

Nose
nose

gear
gear
gear
gear

gear
gear

load
axle
load
axle

load
axle

assocliated with
stroke table
associated with
stroke table

associated with
stroke table

Main gear tire deflection (1)
associated with main gear lioad teble
Main gear tire deflection (2) assoc-
iated with main gear load table

Main gear tire deflection (10)
associated with main gear load table

Main
main
Main
main

gear
gear
gear
gear

gear
gear

load
tire
load
tire

leoad
tire

(1) associated with
deflection table
(2) associated with
deflection table

(10) associated with
deflection table

UNITS

in.

irlo

in.




CARD 8YMBOLS

13 PNTT (1)

13 PNTT (2)

13 PNTT (53

14 PNTT 26

1h PNTT 7)

14 PNTT (10)

15 TIRNT (1)

15 TIRNT (2)
]

15 TIRNT (5)

16 TIRNT (6)

16 TIRNT (7)
]

16, TIRNT (10)

17 ALFALT (1)

17 ALFALT (2)
?

17 ALFALT (5

18 ALFALT (6

18 ALFALT 7
t

18 ALFALT (10)

Report Ro. 2-53470/3RL59
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FORTHAT FOR INPUT DATA

DEFINITIOR

OF SYMBOLS

Nose

gear tire

deflection (1)

associeted with nose gear load teble
Nose gear tire deflection (2)
associated with nose gear load teable

Nose
with

Nose
nose
Nose
nose

Nose
nose

gear tire
nose gear

gear load
gear tire
gear load
gear tire

gear load
geer tire

deflection (10)
load table

(1) asscciated with
deflection table
(2) associated with
deflection table

(10) associated with
deflection table

Angle of attack (1) associated with
1ift ¢oefficient table
Angle of attack (<) associated with
1ift coefficient table

Angle of attack (10) associated with
lift coefficient table

UNITS

lbs.

lbs.

1bs.

in.

in.

in.

none

rone

norie



Ca——

CARD

19
20
20

20

21

21

21
22
22

22

23
24
24

2k

SYMBOLS

cLr (1
CLT (2

!

1
CLT
CLT
CLT

]

—~~~~
- O\
—r s e

)
)

cLT (10)

ALFADT (1)

ALFADT

ALFADT

ALFADT

ALFADT
!

ALFADT

cDT (1

CDT (2

cDT (
CRT 2
CDT

)

-~ O\
~— e

)

)

(2)

f

{

cDT (10)

-~ O\\Wn
s

10)
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FORMAT FOR INPUT DATA

DEFINITION OF SYMBOL

Lift coefficient (1) essociasted with
angle of attack table
Lift cucfiicient (2) eassociated with
angle ot utiack tablie

Lift sovivicient (10) associated with
engle ol attuck table

Angle of attack (1) associated with
drag coefficient teble
Angle of attack (2) associated with
dreg coefficient table

Angle of attack (10) associated with
drag coefficient table

Drag coefficient (1) associated with
angle of attack table
Drag coefficient (2) associated with
angle of attack table

Drag coefficient (10) associated with
angle of attack table

UNIZS

degrecs

degrees

degrecs

none

none

ncne

degrecs

degrees

degrees




[ $01

CARD SYMBOL
25 ALFAMT (1)
25 ALFAMT (2)
]
H
25 ALFAMT gs)
26 ALFAMT (6)
26 ALFAMT (7)
1
H
26 ALFAMT (10)
27 CMT (1)
27 CHT (2,
1
!
27 CMT (5)
29 CMT 62
28 CMT (7)
1
H
28 CMT (10)

FORMAT (S5E10.%4)

Report No. 2-53470/3RLS,
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rORMAT FOR INPUT DATA

DEFINITIOIl OF SYMBOL

Angle of attack (1) associated
with aerc. moment coefficient table
Angle of atteck (2) associated
with aero. moment coefficient table

Angle of attack (10) associated
with aero. moment coefficient table

Aero. moment coefficient (1)

associated with angle of attack table

Aero. mcment coefficient (2)

agsoclated with angle of attack table
1]

Aero. moment coefficient (X0)

agsociated with angle of attack table

UNITS

none

none

none

degrees

degrees

degrees



[
”
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FORMAT FOR BASIC INPUT DATA

DEFINITION CF SYMBOL

CARD SYMBOL
29 XCG
29 ZCG
29 XN
29 ZN
29 XM
30 ZM
30 XB
30 ZB
30 XL
30 RNO
31 RMO
31 RHO
31 S
31 CBAR
1 D12
32 FC
32 TR
32 W
32 UR
32 TARM
33 XDOT
33 APIYY
33 SIGT
33 PNK
33 PMK

Fuselage stetion of airplane
center of grevity

Water line of asirplane center
of gravity

Fuselage station of nose gear
axle

Waterlinc of nose gear axle
at zero stroke

Fuselzge station of main gear
axle

Waterline of main gear axle

at zero stroke

Fuselage stetion of catapult
bridie attachment point

Waterline of catapult bridle
attachment point (at nose

gear stroke =0 ‘f applicable)
Fuselage station of eserodynamic
reference point

Nose gear undeflected tire radius

Main gear undeflected tire radius
Ailr density

Wing area

Mean geometric chord

Cetapult bridle length

Catapult force at strcke end
Thrust

Airplane weight

Coefficient of rolling friction
Thrust moment arm to c.g.

( + above c.g.)

Ground speed

Airplane pitch moment of inertisa
at c.g.

fhrust angle

Nose gear load attenuation
congtant

Main geer load attenuation
constant

in.

in.
slugs/ft3
£t.
£e,
£t.

lbs.
lbs,
1lbs.
none
ft.

ft./aec
slug-ft

degrees
none

none
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FORHAT FOR BASIC INPUT DATA

CARD SYMBOL DEFIIITICI; OF SYMBOL

3k PK Aercdynamic pitch damping

3L DELT1 Time increment before deck
edge

3 DELT2 Time increment afier deck
edge

3L W1HD Wind velocity

34 DEDGE Distance from catapult shuttle
at end of stroke to deck edge

35 TMAX Maxinunm time

FORMAT (5E10.k)
36 KID Control number; if KID=0 cat

bridle attach point stetionary,
if KID > O cat bridle attach
point moves with nose gear
stroke

FORMAT (13)

UNITS

lb—sec2
sec

sec

ft./sec.
ft'

none




——

4

FORTRAN
HAME

=

]‘ GAMA
M
} PN
g! x
v
? ' ¥
; T

1§ ndnOn

THETA
GAMMA
PM

PN

TIME
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OUTPUT DATA

DEFINITION

c.g. Height Above Deck
Airplene Pitech Attitude
Flight Path Angle

Main Geer Load (Cne Gear)
Nose Gear Load

Horizontal Distance Traveled
(x = O at Cetapult Stroke End)

Airspeed

Time (t = O at Catapult
Stroke End)

UNITS

£t
degrees
degrees
lbs.

lbs,

ft/sec

gec
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es

Report lio. 2-53%7C/3R459
IRICTLASSTRTED, Fage Io. L
Security Classification

DOCUMENT CONTROL DATA - R&D E
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